MODULAR HYDRAULIC TURBINE 
BACKGROUND OF THE INVENTION 

5 a) Field of the invention 

The present invention relates to a modular hydraulic turbine. By 
"modular" turbine, there is meant a turbine made of a small number of components 
that are cast or molded, and can easily be assembled and/or interchanged 
10 whenever required. 

The invention also relates to the combination of such a modular 
hydraulic turbine with an electric generator. 

b) Brief description of the prior art 

===> 

rU 15 Large hydraulic turbines for use to convert the energy of water flowing 

O 

y from a reservoir into electric and/or mechanical energy, are well known and 

f* extensively used worldwidely, especially in large dams. 

* Hydraulic turbines of smaller size for use in small dams, water falls and 

p rivers, are also known. As non-restrictive examples of such "smaller" turbines, 

^ 20 reference can be made to U.S. patent No. 4,258,271 of 1981 to Walter J. 
3 CHAPPELL et al and U.S. patent No. 5,040,945 of 1991 to Normand LEVESQUE. 

^ However, these turbines are expensive since they are complicated to build, and/or 

not very efficient energetically. 

25 OBJECTS AND SUMMARY OF THE INVENTION 

A first object of the present invention is to provide an hydraulic turbine 
which is modular in structure and made of a small number of components that are 
easy to assemble, wear-resistant, durable and of very friendly maintenance. 

Another object of the invention is to provide a modular hydraulic turbine 
30 which is very simple in structure and easy to assemble and install with 
conventional bolts, screws and anchoring pieces, thereby making it convenient for 
use by non-specialized work-force. 

A further object of the invention is to provide a modular hydraulic turbine 
of the above mentioned type, which, thanks to the particular shape and positioning 
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of its blades, needs only a water-stream downward slope of 20 to 40 meters to be 
efficient and to generate up to 1200 kW/hour. 

Still another object of the invention is to provide a modular hydraulic 
turbine of the above mentioned type which, thanks to its structure, does not need 
5 for external lubrification for its moving components and is almost free of any 
cavitation problem. 

In accordance with the invention, these objects are achieved with a 
modular hydraulic turbine comprising : v u 

a cylindrical inlet unit throughn/vater may enter, the inlet unit being made 
10 of one piece and having a longitudinal axis, a central cone-shaped hub provided 
with a central rearwardly opening cavity aligned with the longitudinal axis, and a 
plurality of incurved blades projecting radially at a same first angle all around the 
hub; and 

a tubular outlet unit made of one piece, the outlet unit having a front 
^ 15 portion and a rear portion, the front portion being cylindrical in shape and having a 
SJ longitudinal axis coaxial with the axis of the cylindrical inlet unit, the rear portion 

^ extending at an angle relative to the front portion. 

O Means are provided for rigidly connecting the inlet and outlet units to 

form a bent tubular water tight housing through which water may flow. 

20 The turbine also comprises a shaft coaxial with the longitudinal axis. 

This shaft has a front end portion extending at least partially and rotatably into the 
central cavity of the hub, a central portion extending within the front portion of the 
outlet unit, and a rear end portion engaging the rear portion of the outlet unit and 
extending outside the housing. 

25 A casing coaxial with the longitudinal axis is rigidly connected to the 

outlet unit outside of the same. This casing comprises sealing means for providing 
a watertight joint at a spot where the shaft extends outside the housing, and 
mounting means for rotatably supporting the rear end of said shaft. 

A hollow rotor is rigidly connected to the shaft. The rotor is mounted 

30 proximate the hub and comprises a central core and a plurality of incurved blades 
projecting radially outwardly at a same second angle all around the core, the 
second angle being in a direction opposite to the first angle of the blades of the 
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hub. As can be understood, the rotor causes the shaft to rotate when water flows 
inside the housing. 

Preferably, the hollow rotor is cone-shaped and define together with the 
hub an?f ovoid-shaped member and the ovoid-shaped member comprises 
lubrification means for lubricating the front end portion of the shaft extending into 
the central cavity of the hub. Advantageously, the lubrication means comprises: 

an axial hole extending from the rearwardly opening cavity of the hub 
up to a front exterior surface thereof; and 

spacing means connected to the rearwardly opening cavity for providing 
a gap between the hub and the rotor. 

The axial hole, the rearwardly opening cavity and spacing means 
altogether provide a path wherein water may flow, thereby lubricating and cooling 
the front end portion of the shaft. 

Preferably also, the inlet unit, the outlet unit, the shaft, the rotor and/or 
the casing are made of a material selected from the group consisting of stainless 
steel, plastic materials and aluminum. 

As it can be understood, the rear end portion of the shaft of the turbine 

is devised to be connected to a power generator, especially an electric generator, 

s 

to produce energy upon rotation of these hafts. Depending on its size and the 
strength of the water stream, from 10 to 1200 kW/hour can easily be generated. 

The invention and its numerous advantages will be better understood 
upon reading the following non-restrictive description of a preferred embodiment of 
it, made with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic cross-section representation of the water duct 
of a dam incorporating a modular hydraulic turbine according to a preferred 
embodiment of the invention; 

Figure 2 is a perspective view of the turbine according to the preferred 
embodiment of the invention shown in Figure 1, wherein the turbine is cut into two 
halves along a vertical central plane; 



Figure 3 is a side elevational cross-section view of the front portion of 
the turbine according to the preferred embodiment of the invention shown in 
Figures 1 and 2; 

Figure 4 is a side elevational cross-section view of part of the rear 
5 portion of the turbine according to the preferred embodiment of the invention 
shown in Figures 1 to 2; 

Figures 5a and 5b are front perspective and rear elevational views 
respectively, of the inlet unit of the turbine according to the preferred embodiment 
of the invention shown in Figures 1 to 2; and 
10 Figures 6a, 6b and 6c are front perspective, side elevational and front 

elevational views, respectively, of the rotor of the turbine according to the 
preferred embodiment of the invention shown in Figures 1 to 2. 

Figure 7 is a graphic illustrating the results (output hill) obtained during 
a working test using a 150 kW turbine according to the present invention. 
15 Figure 8 is a graphic illustrating the results (isospeeds and isopowers) 

obtained during a working test using a 150 kW turbine according to the present 
invention. 

DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION 

20 As aforesaid, Figure 1 is illustrative of the water duct of a dam 

incorporating a modular hydraulic turbine 1 according to a preferred embodiment 
of the invention. As is shown in this Figure, the turbine 1 is mounted in line in the 
duct which is preferably made of PVC or high density polyethylene and comprises 
pipe sections 3, 3' connected to each other by means of socket head fastening 

25 bolts 5. The duct extends from a water reservoir 7, a water fall or even a river 
down to a water disposal outlet or channel 9 that must necessarily be positioned at 
a lower level from 2 m to 100 m, preferably 20 to 40 meters below the inlet of the 
duct in the water reservoir 7. If required, a water gate 11 can be incorporated into 
qj one of the pipe sections upstream the turbine 1. A derivation pipe 13 

30 incorporating a drift valve 15 can also be provided. Moreover, the last pipe section 

ck 3' can be shaped as. nozzle to act as a suction device. All of these features are 

A 

commonly used in this field and need^ not be further described. 



As shown, the turbine 1 according to the preferred embodiment of the 
invention is made of a very few number of components. These components are 
preferably made of gravity cast stainless steel eventhough some of them could 
alternatively be made of cast aluminum and/or molded plastic material. These 
5 components include: 

a cylindrical inlet unit 21 through which water enters; 
a tubular outlet unit 35; 
a shaft 45; and 

a hollow rotor 75 mounted on the shaft 45. 
10 As is better shown in Figures 5a and 5b, the cylindrical inlet unit 21 is 

made of one piece and has a longitudinal axis "A", a central cone-shaped hub 23 
5 provided with a central rearwardly-opening, plastic-coated cavity 25 aligned with 

the longitudinal axis, and a plurality of incurved blades 27 projecting radially at a 
same first angle all around the hub 23. In the illustrated embodiment, the inlet unit 
15 21 comprises seven incurved blades 27 whose purpose is to push and impart to 
the water a rotative motion that increases the power. An axial hole 29 preferably 
extends centrally from the front exterior surface of the hub 23 down to the cavity 
25. This hole 29 allows water to enter into the cavity shown in Figure 3, the cavity 
25 within the hub is jacketed by a plastic coating 31 that is detachably connected 
20 by means of screw 33 and is resistant to wear, abrasion, compression and dilation. 
The hole 29 and coating 25 which actually acts as a spacing means and forms a 
gap within the cavity, altogether allow water to enter under pressure into the cavity 
and to lubricate the front end portion of the shaft 45 located thereon. Although less 
preferable, other spacing means comprising grease and/or other roller bearing 
25 could also be used according to the present invention. 

Referring back to Figures 1 and 2, the tubular outlet unit 35 is also 
made of one piece and has front portion 37 and a rear portion 39. The front portion 
37 is cylindrical in shape and has a longitudinal axis coaxial with the axis "A" of the 
cylindrical inlet unit. The rear portion 39 extends at an angle inferior to 90° relative 
30 to the front portion 37 preferably at 85°. In the illustrated embodiment, this angle is 
equal to about 45° but it could vary within a broad range. 



Means are provided for rigidly connecting the inlet and outlet units 35, 
37 so as to form a bent, tubular water tight housing through which water may flow. 
Means are also provided for connecting the front and rear ends of the so-formed 
housing to the adjacent pipe sections 3. As shown in Figure 3, these means 
5 preferably comprise socket head fastening bolts 41 similar to the fastening bolts 5. 
Advantageously, an O-ring 43 can be positioned at the junction between both 
units. 

The shaft 45 is generally cylindrical and coaxial with the longitudinal 
axis "A". This shaft 45 has a front end portion 47 extending at least partially and 
10 rotatably into the central cavity 25 of the hub 23. It also has a central portion 49 
extending within the front portion of the outlet unit, and a rear end portion 51 
engaging the rear portion of the outlet unit and extending outside the housing. As 
ny better shown in Figure 3, the front end portion 47 shaft is jacketed by a plastic 
coating 53 that is resistant to wear, abrasion, compression and dilatation. As 
15 already explained hereinabove, the water that enters through the hole 29 into the 
pv/^? gap formed by the coatings 31 and 53, and .allows-a w o ar proof and - r apid rotation 
Ch of th e s ha ft. As shown, the diameter of$ie shaft 45 may vary along, its length so as 
to improve its inertia and rotation speed. As its rear end portion 51, the diameter of 
the shaft retracts at angles so as to be squeezed into a roller bearing cage 54 and 
20 held therein. 

As is better shown in Figure 4, the cage 54 referred to hereinabove is 

actually a casing that is coaxial with the longitudinal axis and rigidly connected to 

the outlet unit 35 outside of the same. This casing comprises sealing means 55 for 

providing a watertight joint at a spot where the shaft 45 extends outside of the 

25 housing, and mounting means 57 comprising at least one oil lubricated roller 

bearing for rotatively supporting the rear end of the shaft 45. As shown in this 

preferred embodiment, the sealing means 55 comprise two spaced part O-rings 59 

held by a joint fixture 61 and the mounting means 57 comprises a first roller 

bearing 63, a second roller bearing 65 extending at 45° for holding the shaft 45 in 

30 position within the turbine, bearing spacers 67 and 69, a O-ring 71 and a^tension 
Qj A 

spring seal 73. All these elements are embedded into a close chamber and 
lubricated with oil, as is known perse. 



As shown in Figure 1, the rear end portion of the shaft 45 projects 
outwardly from the housing of the turbine due to the shape of the same. This rear 
end portion can be connected to a power generator, preferably an electric 
generator 17, either by direct connection or via a driving belt 19 (as shown) or a 
5 gear box. 

The last basic component of the turbine 1 is the hollow rotor 75. In the 
illustrated embodiment, this rotor 75 comprises a hollow, cone-shaped central core 
77 slid into and connected to the shaft 45 so as to extend adjacent to the rear 
surface of the hub 23 of the inlet unit 21 and to define together an ovoid-shaped 
10 member that reduces as much as possible the generation of eddy within the 
turbine. The rotor 75 also comprises a plurality of incurved blades 79 projecting 
radially outwardly from the core 77 at a same second angle that is in a direction 
opposite to the angle of the blades 27 of the inlet unit 21. The rotor 75 can be 
O removably attached to the shaft 45 by any suitable means, like those shown in 

h& 15 Figure 3 including a socket head fastening screw device 81, a core 83, a tapered 

sleeve fixture 85, a tightening nut 87 and a sleeve fastener 89. 
H As shown in Figures 6A, 6B and 6C, the rotor 75 preferably has six 

lL blades 79. The number, shape and positioning of the blades 79 (as well as the 

^ number, shape and positioning of the blades 27) must of course be optimized. 

J5 20 Such an optimization and the way it can be achieve* is obvious for any one having 
some expertise in KAPLAN and Deriaz turbines, who would know, for example, 
that the surface area of the rotor should be smooth and the height of any defects 
in the rotor's surface should be inferior to 0.005 inch. On surfaces that may be 
subject to cavitation, such defects should be inferior to 0.01 inch. These values 
25 should only be exceeded in isolated cases. 

The one skilled in the art would also know that the inclination of blades 
with respect to each other should be controlled to obtain optimal energetic results. 
The difference between the inclinations of the different blades should not exceed 
0.25° and the difference between the axial positions of the blades along the core 
30 of the rotor should not exceed 0.2% of the diameter of the same for optimal 
results. 
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As can now be better appreciated, the seven fixed blades 27 of the 
turbine 1 "compresses" water towards the six blades 79 of the rotor 75 fastened to 
a shaft 45 which extends into the 45° angled outlet unit. The shaft 45 passes 
through the water-tight-spacer seal and roller-bearing case 53 and it supplies 
5 power by direct connection or via a driving belt 19 to the generator 17. 

Tests carried out by the Applicant have shown that the axial type, 
hydro-electric turbine 1 is highly efficient with only a water-stream downward slope 
of 20 to 40 meters. Its unique design performances and the particular shape of its 
blades, reduce the problem of cavitation to almost zero. As is known, cavitation is 
10 due to compressed air bubbles which, by bursting, create vibrations and change 
the aerodynamics of the flow, thereby causing damage to the blades and the main 
a shaft. 

Another originality of the turbine 1 according to the invention resides in 
its manufacture by casting and its modularity. The fact that its components may be 
15 assembled by bolts, screws and conventional anchoring pieces allows it to be 
assembled in place and used by a non-specialized worker. Such gives a time 
advantage for assembly and maintenance. Any down-time due to maintenance 
and/or repair is minimal, thereby insuring that the turbine is more than cost- 
competitive. 

20 Without being bound to any specific values, the size of the various 

components of turbine 1 preferably ranges as follows: 

• for the cylindrical inlet 21: from about 30 cm to about 1.2 m in 
diameter and from about 15 cm to about 1 m in length; 

• for the tubular outlet 35: from about 30 cm to about 1.2 m in 
25 diameter and from about 80 cm to about 3.25 m in length; 

• for the shaft 45: from about 4.5 cm to about 25 cm in diameter and 
from about 1 m to about 4.25 m in length; and 

• for the rotor: from about 30 cm to about 1.2 m in diameter and from 
about 23 cm to about 95 cm in length. 
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A person skilled in the art will easily understand that these values are 
indicative only and that they are therefore non limitative. Such a person should be 
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able to easily calculate the various size and relative proportions of the turbine 
components and obtain a functional and effective turbine devised for a specific 
use. 

Typical working examples of the modular hydraulic turbine according to 
5 the invention would preferably have the following characteristics: 

Example 1: 

Capacity of production: 150 kW 

Size of the duct: interior diameter: 50 cm, 
10 exterior diameter: 55 cm; 

Water height: 30 meters 
*S Normal water stream: 0.535 m 3 /s 

f: Rotational speed of the rotor: 1200 RPM 

O Type of the electric power generator: synchronous or asynchronous, 200 kW 

15 Total monthly capacity: about 101 835 kW 

M= Example 2: 

r: Capacity of production: 50 kW 

Size of the duct: interior diameter: 30 cm, 
y3 20 exterior diameter: 35 cm; 

Water height: 30 meters 

Normal water stream: 0.19 m 3 /s 

Rotational speed of the rotor: 1800 RPM 

Type of the electric power generator: synchronous or asynchronous, 75 kW 
25 Total monthly capacity: about 33 945 kW 

Working tests using a 150 kW turbine are shown in Figures 7 and 8. A 
person skilled in the art can readily appreciate the value of the results obtained 
which clearly demonstrate the effectiveness of the turbine of the present invention 
30 as compared with the art. 

Depending on the size of the turbine, the rotational speed of the rotor, 
the water height and the water stream, it is possible to generate from 10 kW/hour 
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to 1200 kW/hour using the turbine of the present invention. As aforesaid, its 
principal asset is that it is quite easy to build (by casting) and repair. It also 
requires less than half of the water current necessary by the closest competitive 
technologies. As a matter of fact, it only needs one half of cubic meter of water per 
5 second to produce 150 kW/hour. Its main advantages are as follows: 

1. no need for a dam; 

2. ecologically friendly; 

3. very competitive production costs; 

4. useable in watersheds otherwise considered as unavailable and/or 
10 unsuitable; 

5. very easy to maintain and repair; 

6. almost total absence of cavitation by proper selection of its blades 

7. non polluting 

8. water-cooled; and 

15 9. long lasting resistance to wear. 

Of course, numerous modifications could be made to the turbine 
according to the preferred embodiment of the invention disclosed hereinabove 
without departing from the scope of the present invention as defined in the 
20 appended claims. 
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